applications 2, 3 . Since last years there has been a strong emphasis on the synthesis of polymer nanocomposites, in which one of the components has one or more dimensions in the nanometer range. Polymer silver nanocomposites also exhibit application in optoelectronic devices 4 . Silver nanoparticles exhibit surface plasmon absorption bands appearing in the visible region is a characteristic band of noble nano particles. The wavelength of the plasmon resonance band depends on particle size, shape surface charge and environment 5, 6 . The aqueous solutions of silver nanoparticles are not stable and rapidly undergo agglomeration due to the high reactivity of silver nanoparticles. Surface modification of nanoparticles is one of the most widely accepted methods to improve the dispersion stability of nanoparticles. To improve the dispersion stability and controlled growth of nanoparticles it is necessary to modify the particle surface by polymeric surfactants or other modifier. The most extensively used method for the synthesis of metal nanoparticles is chemical reduction method. Several reducing agents have been used in various studies such as sodium borohydride (NaBH 4 ), ascorbates, citrates etc. These include strong reducing agent such as sodium borohydride (NaBH 4 ), weak reducing agent such as ascorbates, citrates etc. Some solvents have been also used for the purpose of reduction. These include alcohol, ethylene glycol and DMF 7 . The use of silver nanoparticles as an antibacterial agent has drawn great attention for centuries 8 . Polymer silver nanocomposites can be used in a wide variety of biomedical product to reduce infections as well as to prevent bacterial colonization on plastic devices like prostheses, catheters, vascular grafts, dental materials, surgical gloves, antibacterial cloths and towels 9, 10 . Plastic materials can be easily infected by the microorganism in moisture condition so it is necessary to protect them against microorganism. Polymer/Ag nanocomposites have drawn great research interest for their antibacterial activity. In this Communication, we report the synthesis of poly(methyl methacrylate)/Ag nanocomposite thin films by chemical reduction method using DMF as a solvent because of high solubility of PMMA as well as reducing agent and TX-100 as a modifier and investigated the effect of different concentration of Ag content on UV absorption properties and antimicrobial study.
MATERIAL AND METHOD
Poly(methyl methacrylate) (PMMA, Commercial grade), Silver nitrate (AgNO 3 , Merck AR grade), Dimethyl formamide (DMF, Rankem, AR grade), TX-100 (Merck, AR grade), Agar (Himedia, AR grade).
Experimental procedure
1 gm of PMMA was dissolved in 20 ml of DMF in a RB flask and stirred for 3 hours at room temperature. 0.01 molar AgNO 3 was added in small amount of double distilled water and mixed with 1.5×10 -2 M TX-100 and mixed well to get sable silver colloid in DMF. This AgNO 3 solution was added into the polymer solution in such a way so as to obtain 0.5, 0.75, 1.0 1.5 and 2.0 wt% nano-Ag in PMMA. The solution was stirred for 24 hours and color changed from colorless to light yellow and became darker as the time increased, which indicated the reduction of Ag + ion into the Ag 0 state. The solution was then poured in a petri dish and kept at 40 o C until the film was completely dried. The film was removed from the petri dish and then analyzed. The films were prepared at different time intervals of 5 minutes, 10 minutes, 30 minutes, 2 hours and 24 hours.
RESULTS AND DISCUSSION

Characterization Techniques
UV-visible absorption measurements were carried out on Shimadzu 1800 spectrophotometer to study the optical behavior of nanocomposite films. The bonding between surfactant and Ag nanoparticles was confirmed by FTIR study using FTIR spectrometer BRUKER ALFA ECO-ATR in the range of 500-4000 cm -1 at resolution of 4 cm -1
. For FTIR analysis the sample was prepared as follows: firstly 0.01 molar AgNO 3 was dissolved with minimum quantity of double distilled water and mixed with 1.5X10 -2 molar TX-100. The solution thus prepared was mechanically stirred for 10 minutes. The spectrum was recorded by directly putting the sample on ATR ZnSe plate. The detailed imaging information about the morphology and elemental analysis of the samples were performed by field (a) (b) The samples for FESEM were prepared by putting the nanocomposite films on a carbon supported grid using a conductive carbon tape. Thin gold layer was coated on the specimen by using sputter coating instrument (EMITECH). The morphology of the nano-size materials was studied using transmission electron microscope (TEM). TEM images were recorded using JEOL 3010 electron microscope. Figure 1 shows FESEM image of PMMA/ Ag nanocomposite thin film having 0.5 wt% Ag content. Few particles were found to be seen in the FESEM image. Ag nanoparticles have strong tendency to agglomerate. Due to which actual size of nanoparticles could not be precisely measured through FESEM. Presence of the Ag nanoparticles was confirmed through EDX spectroscopy. The EDX spectrum shows that the Ag nanoparticles were successfully prepared. The EDX spectrum represents the presence of elements in a particular area of FESEM image as shown in figure 1 . The presence of Au is due to the gold plating on the specimen to prevent static discharging. Besides Ag, Au, and O element, it shows the presence of Cl also. This is observed most probably due to contamination on the copper grid. The table 1 shows the atomic and weight percentage of all the elements found in the EDX spectrum.
Surface morphology
The samples were also characterized through TEM to know the exact particle size and distribution of Ag nanoparticles. The samples were prepared in a similar manner by putting the sample solution on carbon supported copper grid. TEM image for a solution containing 0.5 wt% Ag and 2 wt% Ag are shown in figure 2 . TEM analysis shows that the particles are of spherical shape and are of nanometer size. The average particle size of 0.5 wt% Ag nanocomposite is found to be around 15 nm ( Figure 2a ). As the concentration increases the size of the particles is also increased, as shown in figure 2b. Figure 3a shows the UV-visible absorption spectra of PMMA/Ag nanocomposites thin films for different weight percentage of Ag (0.5 wt%, 0.75 wt%, 1.0 wt%, 1.5 wt%, and 2.0 wt%) modified with 1.5X10 -2 M TX-100. As shown in figure 3a , red shift in absorption maxima is observed. This red shift is observed due to large agglomeration and increase in particle size, this assumption is supported by TEM images in figure 2b. For PMMA/Ag nanocomposites having 0.5 wt% to 1.5 wt% Ag nanoparticles, the intensity of band is increased. For 2 wt% Ag embedded PMMA nanocomposite the intensity is decreased due to agglomeration of Ag nanopar ticles. These nanocomposites thus prepared show absorption band at about 422 nm to 435 nm. For 1.5 wt% embedded Ag nanocomposite and 2 wt% Ag embedded nanocomposite, the width of surface plasmon resonance is found to be the same, which suggests that the size of the Ag nanoparticles are similar at both concentrations. Figure 3b shows the time dependent UV-visible absorption spectra of PMMA/Ag nanocomposite films having 0.5 wt% Ag nanoparticles. As the reaction time increases the wavelength of the absorption band increases from 422 nm to 430 nm and intensity of peak is also increased, indicating the continuous formation of silver nanoparticles and increase in particle size during the course of reaction. After 24 hours the absorption reached a maximum intensity, indicating no further formation of nanoparticles. It was also proved by change in color, when reaction time was increased. (Figure  4 ). Figure 5a and 5b shows the FTIR spectra of pure TX-100 and AgNO 3 /TX-100 composite respectively. As shown in the spectrum of the pure TX-100, the strong O-H and -CH 2 stretching vibrations are appeared at 3480 cm -1 , 2948 cm It is observed from the FTIR spectrum of AgNO 3 /TX-100 that the intensity of peaks assigned to C-O bond of TX-100 is decreased on interaction with AgNO 3 . It suggests that the oxygen of C-O bond is interacting with Ag+ ions. These results indicate that the Ag+ ions are successfully capped by the hydrophilic polyoxyethylene group. In addition of this, the intensity of peak at 1642 cm -1 is also increased due to the addition of water.
Optical Study
FTIR Study
Antibacterial study
The PMMA/Ag nanocomposites were tested for antibacterial activity by cup method also known as well diffusion method, using Mueller Hinton agar plate against pathogenic bacteriae Pseudomonas aeruginosa and Staphylococcus aureus.
Zone of inhibition method was used to assess the antibacterial action of nanocomposites. The bacterial suspension was prepared by making a saline suspension of isolated colonies. The suspension was adjusted to match the tube of 0.5 McFarland turbid standard using spectrophotometry. The agar medium was seeded with the organisms by pour plate method. Wells of 6 mm diameter were created and filled with different concentrations of Ag nanoparticles embedded polymer nanocomposite solution. The plates were pre-incubated for 1 hour at room temperature to ensure adequate diffusion and finally incubated at 37°C for 24 h. After incubation the diameter of zone was measured.
1X10
-2 molar aqueous AgNO 3 solution was used as standard in order to check the antibacterial action of PMMA/Ag nanocomposites. Figure 6 illustrates the images of inhibition zones for the samples for antibacterial activity. The figure shows that all the samples having different concentrations of silver nanoparticles showing high antibacterial activity. It was most probably due to smaller size of Ag nanoparticles. Due to their small size, nanoparticles can easily penetrate the bacterial cell membrane, and reach to the nuclear content. The exact mechanism of antibacterial action of Ag nanoparticles is partially known. Probably when Ag nanoparticles come in contact with moist condition, they release Ag cations, which interact with the negatively charged species of bacterial cell membrane and bases of DNA, leading either to the inhibition of respiratory processes 11 or DNA unwinding 12 leading to bacterial cell death.
When the study was carried out on P. aeruginosa with Ag nanocomposites modified with TX-100, showed strongest antibacterial effect. It may be due to smaller size and high surface area of Ag nanoparticles. Pure DMF is also found to show good antibacterial activity (figure 6a). As the concentration of Ag nanoparticles increased in PMMA, the zone of inhibition was also increased as shown in figure 6b and 6c. When the study was carried out on gram positive S. aureus, the zone of inhibition was increased with increasing concentration of Ag nanoparticles. At higher concentration (2 wt%) the zone of inhibition was slightly decreased as compared to 1.5 wt% Ag nanoparticles embedded PMMA, probably due to the agglomeration of nanoparticles as shown in figure 6d , because the antibacterial activity is also influenced by the surface area and size of the Ag nanoparticles. Results of inhibitory activity of nanocomposites are presented in table 2.
